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Both PacBio and ONT utilize the biochemistry/biophysics strategy to capture and direct the very long nucleotide molecule for further base calling. PacBio ISO-Seq uses a similar sequencing-by-synthesis strategy to Illumina sequencing, but the difference is that, PacBio collect individual DNA/RNA molecule for further base calling yet Illumina captures the amplified signals from a clonal cluster of the DNA/RNA fragments. The estimated error rate of PacBio is 13-15% [2] . To increase the quality and accuracy of the read, PacBio adopts the polymerase that repeatedly traversed and replicate the nucleotide. Therefore, the average longest read length can be typically from 10kb to 60kb, which depends on the polymerase lifetime.ONT is a nanopore-based single molecule sequencing technology which was first prototypically released in 2014. ONT developed a portable sequencing device, called MinION, with just a USB flash drive size. In the nanopore-based device, pores are embedded in a membrane which was placed over an electrical detection grid to detect the ionic current. For the library preparation, a hairpin adapter is attached to one end of the DNA/RNA molecule and a protein is used to unwind the DNA/RNA molecule as well as to control the nanopore passing rate of the molecule. ONT directly sequences a single-stranded DNA or RNA molecule by letting it pass through the nanopore and then monitoring the current changes of each type of nucleotide using a base-calling algorithm to obtain the detailed sequence contents.
The long reads of both PacBio and ONT offer more information for the real-time plant transcriptme profile analysis, such as for novel transcript identification, alternative splicing events detection, fusion gene characterization and structural variation.
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Long read can easily span the repetitive region of the genome that is hard to recover for the short-read data. Thus far, due to the long-read length, high throughput, and low cost, PacBio and ONT data present the opportunity for many important applications in plant genomics and transcriptomics on the horizon.
Both PacBio and ONT showed a high error rate (estimated 10%~30%), which restricts their accuracy and further applications compared with Illumina short reads. PacBio long reads shows an overall higher accuracy and data quality compared with ION based on current data generated in many aspects [3] . PacBio base calling is dependent upon the different signals from the neighborhood background, while ONT relies on the monitoring current changes from the five upstream nucleotides. As a result, both have a pattern that shows the error in base calling being context-specific. Based on the error pattern of longlength reads, SNP and small insertion/deletion calling might be erroneous with a large proportion of false positives. For PacBio and ONT reads, there showed two types of mismatch events CG -> CA and CG ->TG in PacBio and TAG->TGG TAC ->TCG are predominant in ONT. Both PacBio and ONT reads have the same bias pattern of homopolymer to certain nucleotides: A and T in insertion and G and C in deletion [3] . Therefore, long read should be corrected before further analysis. Short read sequencing using the Illumina platform to evaluate and correct the error of long reads is both necessary and powerful in the further transcriptome analysis [4] .
Usually the read correction calls for the combination of high quality short reads to computationally polish the error-prone long reads. Some error correction tools and algorithms are available for the read correction. TAPIS [5] , LSC [6] and LoRDEC [7] are widely used for PacBio while Nanocorr is developed for ONT data [8] . Nanocorr starts by aligning the short reads to the long nanopore data using sequence aligner such as BLASR [9] . Using the alignment of nearly full-length transcript, and then use the short reads alignment for the correction, which outputs about 67% reduction in the error rate.
Imperfect read alignments of error-rich long reads will also detriment the precise pinpoint of splice site/exon intron boundaries for the multi-exon isoforms. When evaluating the performance (accuracy) of PacBio and ONT long reads, one needs short reads such as Illumina for the identification of the isoform characterization, and reference-guided gene annotation. Using reference library and short reads as the normal, about 15%~30% and 7%~20% splice sites are mistakenly annotated by PacBio and ONT data before and after reads correction [3] . And some quality control tools such as Align QC [3] using the alignment information (BAM file), results from the sequence alignment by mapping tools, such as StringTie [10] to extract statistics of the long-read sequencing including read length, alignment and coverage of the reference genome and gene annotation by generating the XHTML format report to access the analysis results.
Applications in post-transcriptional regulation, such as Alternative Splicing (AS) using long read, have increased the observed frequency of AS in plants. From the pre-Next Generation Sequencing (NGS) era, only about 30% of the plant transcriptome was identified as alternative splicing products, yet for the NGS era it boosts up more than 60% [11] . Researchers have also proven that even in a highly characterized transcriptome such as sorghum [5] and maize [12] , identification of genes expression and isoform regulation is still beyond completion. Bo Wang et al. [12] used PacBio data to characterize the maize transcriptome. They found that using short reads only, two-thirds of the splice isoforms can be neglected without the incorporation of PacBio reads. Also, alternative polyadenylation of the 3' end of the sorghum transcriptome showed a vital co-transcriptional modification in different biological conditions. Bing Cheng et al. [13] analyzed the transcriptome diversity and complexity of the tetraploid Arabica coffee (Coffea arabica) bean using PacBio ISO-Seq data to uncover the regulation on gene expression based on genome polyploidization, which offered a new horizon of the improvement on plant gene annotation using long read RNA-Seq. Case studies in caffeine and sucrose also proved that the transcriptome diversity and complexity were a result of the novel genes, alternative splicing, alternative polyadenylation, 5'UTR extension, and sub-genome copies. Using Pacbio ISO-Seq, Qiangshan Xu et al. [14] discovered a high proportion of regulated gene isoforms in Camellia sinensis, which demonstrates that detection of alternative splicing is far from perfection using short length RNA-Seq data.
Understanding gene expression regulation and corresponding function dynamics needs a genome-wide method suitable for cover both gene expression coverage and complexity characterization. Both PacBio and ONT long reads showed technical breakthroughs and are suitable for full length transcripts analysis and single cell transcriptome investigation. In addition, hybrid-Seq strategies in transcriptome analysis provided a new potential in most transcriptome analyses. Jason L Weirather et al. [3] showed two hybrid-Seq datasets to compare the correctness of isoforms detection: PacBio + Illumina and ONT + Illumina. Although PacBio and ONT long RNA-Seq offer a large quantity of novel transcripts, further validation of the alternative splicing events by PCR is mandatory to get the conclusion [15] . Robust quality/accuracy evaluation and systematic analytical tools for the rapidly-evolving long read technology are greatly needed and should be on the horizon to achieve better applications.
